How to cite this paper: Kabore, A., et al. (2015) A. Kabore et al. 313 streptococcus, respectively. With Moringa oleifera cake's treatment, the increase was 63 -104, 57 -82 and 28 -52 for the same indicators, respectively. Bacterial growth was also more important at room temperature than at 4˚C. Thus, microbiological quality of water treated with Moringa oleifera seeds was better than cakes whatever storage temperature and shelf life. Overall, water treated with Moringa oleifera seeds should be stored at low temperature and consumed within 24 hours.
Introduction
Safe drinking water access for rural populations in developing countries remains a challenge for a sustainable development, particularly in Burkina Faso, where despite appreciable efforts undertaken to achieve the Millennium Development Goals (MDG), some rivers and well waters continue to be used in rural and periurban areas for human consumption [1] - [3] . Therefore, the household treatment of drinking water helps to reduce waterborne diseases which cause the death of 1.6 million children each year [4] . Because of commitments related to chemical treatment of drinking water at household, many studies have investigated the use of vegetable substances in water treatment. Thus, the effectiveness of Moringa oleifera seeds in drinking water purification has been shown in several studies [5] - [8] . However, the use of Moringa oleifera seeds in drinking water treatment showed some limits because of the increase of water organic matter in some cases [5] [9] , which can lead to microbial proliferation during the storage [10] . Storage condition of drinking water is an important step in the preservation or degradation of water quality. In the present study, we examined the microbiological quality of water treated with Moringa oleifera seeds or cake coagulants with regard to storage temperature and shelf life in order to define the optimum conditions of storage.
After the presentation of the study zone and the methodology used, the results obtained will be presented. The quality of water will be discussed with regard to WHO standards and Moringa oleifera treatment [11] .
Study Zone
Three (3) dams water reservoirs in the urban and periurban zones of Ouagadougou, namely Ouaga 3, Loumbila, and Ziga ( Figure 1) were selected for the study. Loumbila and Ziga dams are located at 15 and 50 Km of Ouagadougou, respectively while Ouaga 3 is within the city. These surface waters were used to supply drinking water to populations through treatment plants, for agriculture, recreational activities and in some cases as direct source of drinking water as well (Figure 2 ) [6] [12].
Materials and Methods

Moringa oleifera Seeds and Defatted Cakes Coagulants Preparation
The coagulants were prepared according to the methods described by Kakoré et al. and Folkard et al. [6] [9] [13] . Moringa oleifera seeds were obtained from the National Forest Seed Centre (NFSC). To obtain Moringa oleifera defatted cakes, the seeds were sorted and pressed with a press machine (ZX10) to remove about 30% oil (Figure 3) . The defatted cakes obtained were dried and crushed using the procedure described by Folkard et al. [13] .
To prepare the Moringa oleifera seeds powder, the hulls and wings from the kernels were removed. The kernels were then crushed and ground to a medium fine powder according to Folkard et al. [13] . The coagulants from the cakes and seeds powders were then prepared following the procedure of Folkard et al. [13] . Appropriate quantities of Moringa oleifera seeds or cakes powder were placed into bottles that contained 500 ml of sterilized distilled water, giving 20 g/l and 100 g/l concentrated stock solutions, respectively. The mixtures were stirred for one hour to extract the active protein of Moringa oleifera prior to water samples treatment. 
Water Sampling
Water samples were collected aseptically in triplicate into sterile glass bottles at the field. A total of 45 samples were collected at the field, preserved at 4˚C in cool boxes, carried to the laboratory and stored in a refrigerator at 4˚C before treatment and analysis.
Water Samples Treatment
Water samples were treated in the laboratory in triplicate. Increased concentrations of Moringa oleifera seeds and defatted cakes coagulants were used to treat water samples according to Kakoré et al. [6] [9] in order to determine the appropriate concentrations for an optimum clarification of water samples. Experiments were carried out using the jar test (FC6S Velp Scientifica Jar-Test) (Figure 4) . The test involved a rapid mixing, followed by a slow mixing then, sedimentation for 15 min, 30 min, 60 min and 120 min, respectively. For each sedimentation period, 20 ml of supernatant were taken for turbidity and pH measurements using a WTW 550 IR turbidity meter and a WTW 330i pH meter equipped with a Sen Tix 41 electrode, respectively in order to determine the optimal conditions and factors influencing the treatment. For each water sample, treatment that gave the lowest turbidity determined the optimum treatment conditions.
Storage of Treated Water Samples
Water samples treated with Moringa oleifera seeds or cakes coagulant at optimum processing conditions [6] [9], were stored into sterile glass bottles at room temperature (25˚C -30˚C) and at 4˚C. Microbial parameters of the treated samples were monitoring every 24 hours during three (3) days.
Microbiological Analysis of Water Samples
Microbiological characteristics of water samples were determined before and after treatment at optimum processing condition in order to evaluate the treatment effect. Analyzes were performed at the National Office of Water and Sanitation and at the Institute for Health Sciences Research. Three (3) bacterial indicators of fecal contamination namely Escherichia coli, fecal coliforms, fecal streptococcus were determined by the membrane filtration technique [14] . Bacterial cells were concentrated on a 0.2 μm Millipore Membrane Filter followed by culture on the chromogenic RAPID E. COLI 2 AGAR (BIO RAD) medium which contains 2 substrates specific to the β-D-Glucuronidase (Gluc) and β-D-Galactosidase (Gal) enzymes, respectively. Incubation was performed at 44.5˚C for 24 h. Colonies of E. coli (Gal+/Gluc+) appear violet to pink while other coliforms colonies stain blue. On the Bile-Esculine-Azide medium, Gram positive cells able to reduce Esculine as fecal streptococcus stain black after 24 h incubation period at 37˚C, while Gram negative and other Gram positive cells are inhibited by sodium Azide.
Parasite eggs and/or cysts were identified and enumerated according to Ritchie [15] and consisted of a concentration of parasites with Formalin and Ether followed by a microscopic observation of the precipitate using lens 10 and 40 for the detection of parasite eggs or larva, and lens 100 with immersion oil after addition of two drops of a Iodine-Potassium iodide solution for the research of protozoa cysts. [6] ).
Statistical Analysis
Data obtained were analyzed for water source and sampling period variations using the Student's t-test and XLSTAT 7.5.2 statistical software. Mean parameters concentrations were compared according to the Newman Keuls' test.
Results and Discussion
Microbiological Parameters of Water Treated with Moringa oleifera Seeds and Cake Coagulants
The microbiological parameters of water samples before and after treatment at optimum processing condition are presented in Table 1 and Figure 5 . The Student's t-test (Table 1) revealed that the microbial characteristics of water samples were significantly related to the sampling site (p < 0.0001) and M. oleifera treatment (p < 0.0001).
The joined effects of site and treatment affected also significantly (p < 0.0001) these characteristics. For all water samples, mean concentrations of microbial pollution indicators ( Figure 5 ) were significantly higher (p < 0.0001) in untreated water than in the treated one. Both treatments removed significantly concentrations of microbial pollution indicators ( Figure 5 ). However, it appeared at optimum processing condition that Moringa oleifera seeds treatment is more efficient than Moringa oleifera cakes one ( Figure 5) . Globally, for all microbiological parameters, both treatments were more efficient for Ouaga 3 water samples as compared to Loumbila and Ziga ones, respectively (p < 0.0001). These results confirm in some cases those obtained in our previous studies [6] [9] . However, the abatements recorded were lower than those of previous studies [6] [9] . The difference observed may be probably related to the initial characteristics of water samples and the sampling period as well [1] [6] [9] . Indeed, physicochemical and microbiological initial parameters of water samples affect the processing condition and the effectiveness of Moringa oleifera coagulants [6] [9] [16] [17] .
Our previous results in agreement with those obtained by Fatombi et al. [5] [6] showed that depending on the characteristics of untreated water and treatment conditions, the purification of water with Moringa oleifera seeds causes an increase of organic matter content [5] [6] . According to Lautenschlager et al. [18] , the abundance of bacteria in the water depends on the amount of nutrients in the form of organic carbon (sugar, amino acids, organic acids, etc.). Thus, drinking water should contain between 0.5 to 2 mg/l of dissolved organic carbon to ensure its microbiological stability [18] . To evaluate the microbial quality of water treated with Moringa oleifera seeds or cakes coagulants during the storage, fecal bacteria indicators were determined at different storage temperature and shelf life in order to define the optimum storage condition in household.
Microbiological Quality of Water Treated with Moringa oleifera Seeds or Cakes in
Relation to Storage Temperature and Shelf Life Table 2 presents the variance of microbial pollution indicators in water samples in relation to sample site, Moringa oleifera treatment, storage temperature and shelf life. The Student's t-test revealed that fecal coliforms, E. coli and fecal streptococcus were significantly related to the sampling site (p < 0.0001), treatment (p < 0.0001), storage temperature (p < 0.0001) and shelf life (p < 0.0001). The joined effects of shelf life and storage temperature affected also significantly (p < 0.0001) these characteristics ( Table 2) . Globally, for all water samples, fecal coliforms, E. coli and fecal streptococcus increased during the storage and were related to shelf life and storage temperature (p < 0.0001). Overall, for all water samples and Moringa oleifera treatment, statistical analysis showed that microbial pollution is proportional to shelf life. Thus, more the shelf life is longer, more microbial pollution was greater in treated water: 46, 71 and 95 CFU/100 ml, for 24, 48 and 72 hours, respectively. Concerning the storage temperature, statistical analysis showed that for all water samples, microbial growth was more significant (p < 0.0001) at room temperature (82 CFU/100 ml) than at 4˚C (36 CFU/100 ml). For water samples of Loumbila treated with Moringa oleifera seeds coagulant and stored at room temperature (25˚C -30˚C), fecal coliforms increased to 17, 34 and 57 CFU/100 ml during 24, 48 and 72 hours, respectively. For these same shelf lives, the increases of E. coli were 6, 22 and 50 CFU/100 ml, respectively and 8, 28 and 40 CFU/100 ml for fecal streptococcus, respectively (Figure 6) . On the other side, for the same water samples treated with Moringa oleifera cakes and stored at the same conditions, fecal coliforms increased to 18, 67 and 104 CFU/ 100 ml, respectively. E. coli increase was 19, 48 and 57 CFU/100 ml, respectively while fecal streptococcus increased to 14, 43 and 52 CFU/100 ml, respectively (Figure 6) .
Concerning water samples of Ouaga 3 treated with Moringa oleifera seeds and stored at room temperature, fecal coliforms increased to 25, 40 and 67 CFU/100 ml during 24, 48 and 72 hours, respectively. For these water samples, E. coli increased to 11, 27 and 46 CFU/100 ml, respectively and fecal streptococcus to 9, 17 and 22 CFU/100 ml, respectively (Figure 7) . For the same water samples treated with Moringa oleifera cakes and stored at the same conditions, fecal coliforms increased to 25, 50 and 63 CFU/100 ml, respectively. E. coli increases were 24, 43 and 60 CFU/100 ml, respectively while fecal streptococcus increased to 4, 18 and 28 CFU/ 100 ml, respectively (Figure 7) .
With water samples of Ziga treated with Moringa oleifera seeds coagulants and stored at room temperature, fecal coliforms increased to 23, 51 and 80 CFU/100 ml during 24, 48, 72 hours, respectively. For the same shelf lives, the increases of E. coli were 14, 27 and 42 CFU/100 ml, respectively while fecal streptococcus increased to 10, 31 and 47 CFU/100 ml, respectively (Figure 8) . On the other side, for the same water samples treated with Moringa oleifera cakes and stored at the same conditions, fecal coliforms increased to 51, 86 and 103 CFU/ 100 ml, respectively. E. coli increases were 23, 51 and 82 CFU/100 ml, respectively while fecal streptococcus increased to 8, 29 and 47 CFU/100 ml, respectively (Figure 8) . No parasite was found in the treated and untreated water samples.
Globally, the storage at 4˚C lowered microbial growth in treated water. Thus, the microbial pollution in treated water was significant only after 48 hours (Figures 6-8) . Whatever storage temperature and Moringa oleifera treatment, it appears that the microbial quality of water degrades during the storage. However, the degradation is more important in water treated with Moringa oleifera cakes than with M. oleifera seeds. As reported some studies, this could be due to the presence of active antimicrobial agent in the seeds [19] . The active antimicrobial agent contained in the seeds could reduce bacterial growth in the treated water [19] .
Thus, it appears that the storage of water treated with M. oleifera must consider the treatment type (M. oleifera seeds or cakes), the storage temperature and the shelf life. 
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Conclusion
Unhygienic water causes waterborne diseases which have proven to be the biggest health threat worldwide and they contribute between 70% -80% of health problems in developing countries [20] [21] . Water treatment with Moringa oleifera seeds is an economical method that can purify drinking water in rural areas. However, the presence of organic matter in treated water promotes microbial recontamination during the storage. Thus, to preserve the microbiological quality, treated water should be stored at low temperature and consumed within 24 hours.
